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[57] ABSTRACT 

A mask! ess technique is disclosed for shaping semicon- 
ductor materials by forming areas that are selectively 
etohable with respect to the rest of the structure. In one 
embodiment of this invention* a body of amorphous 
materia] is subjected to radiation by a focused energy 
beam so as to convert a predetermined region of the 
amorphous materia] into a region of erys tallino material. 
The converted region etches at a slower rate than the 
no n-con verted amorphous material. In a second em- 
bodiment of the present invention, a method of selec- 
tively etching a metal is disclosed which includes the 
step of subjecting a predetermined region of the metal 
to be impinged upon by a shaped ion beam so as to ion 
implant the predetermined region. A chemical etch is 
applied to the metal and to the ion implanted region of 
the metal and the ion implanted region etches at a 
slower rate than the ponton or the metal outside the ion 
implanted region. In another embodiment of the present 
icvenrion, a method of selectively etching a dielectric is 
disclosed which includes the step of suttf leering a prede- 
termined region of the dielectric to be impinged upon 
by a shaped ion beam so as to ion implant the predeter- 
mined region. A chemical etch is appjied to the dielec- 
tric and to the ion implanted region of the metal and the 
ion implanted region etches at a raster rate than the 
portion of the dielectric outside the ion implanted re- 
gion. 

1 Claim, 12 Drawing Figures 
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pon etches at a slower rate than the portion of the body 

CHEMICAL ETCHING OF TRANSFORMED . of smorphdus material utside the predetermined re- 

STRUCTURES gion. It has also been discovered that by subjecting a 

STATEMENT OP government rKTTPRP<rr < predetermined region of a layer of metal to be impinged 

>l A iBMENT OF GOVERNMENT INTEREST 3 upon by an ion beam go as to ion implant the predeter* 

The invention described herein may be manufactured mined region, and by applying a chemical etchant to the 

and used by or for the Government of the United States layer of metal and to die' ion implanted region, the ion 

of America for governmental purposes without the implanted region etches at a dower rate than the per- 

payment of any royalties thereon or therefor. tion of the metal layer outside the ion. implanted region. 

BACKGROUND OF THE INVENTION Itt the ion and energy beame can be 

used in conjunction with masking techniques so as to 
The present invention relates generally to the field of transform regions only in unmasked area* The ttana- 
semicoiwJuctof device manufacturing and. more partfc. formed regions can now be removed more selectively 
ularly, to the field of shaping semiconductor materials than by masking alone. This results in very well defined 

metal wr^iiiy^Ttw 3of energy beams, these techniques thus conatltutc a 

mfL*^ 20 -ski- etching proems thereby ^obviating the neces- 

SLoT to shape the film? and iJJTm ^^Z f^^ ^-^^ 

semiconductor device* such as transistors and inie- f™?**? Piously jithzed in semiconductor device . 
grated circuits are commoniy fabricated in silicon using fabrication. The technique of applying a controlled 
a mask of silicon dioxide for the selective introduction tnagy beam to a body of amorphou^materjaj to Selec- 
of dopants. The practice is to open windows' in the 25 tivcIy convcrt a rt S^ u of amorphous material to a 
oxide layer by etching through defined holes in a photo- crystalline structure is the subject of copending U.S. 
resist mask. The' photoresist operations for each diflu- P fttut application! Ser> No. 080, M6 filed Oct. 1 , 1979 in 
si on require first applying the photoresist, exposing it ^ ^ame of the present Inventor, the disclosure of that 
through an optica] mask, developing it, and removing it copending patent application being herein incorporated 
after the oxide etching is completed. Photoresist opera- 30 by reference in its entirety, 

tions areamapriac^ OBJECTS OP THT IVvWrrnvj ' 

result in a relatively large part of fabrication costs. OBJECTS OF THE INVENTION , 

These masking, etching and milling techniques have in Accordingly, it is the primary object of the present 
pan restricted the formation of optimum structures and invention to disclose a . novel materials transformation 
the reliability Of integrated circuits. The resulting disad- 35 technique. 

vantages have been limited device operation, lower ' It is a further object of the present invention to'dis- 
circuit densities lower yield and reliability, and higher dose a technique for chemical etching which may be 
processing costs. used with or' without the use of litbo^phic masking 

SUMMARY OF THE INVENTION ^ ^liniqutt bv converting a region, of amorphous mate- 

_ . ¥A . , . 40 rial into a crystalline structure to reduce the etch rate of 

The present invention relates to a technique to enable the converted region. • 

fZT^ 1 ^^' ^tL^r*?" 11 » **• ^t jnvemioil to.djf. 

=pS b?u^orS ££S£& a^ jf" ? - S*^^^! - ^ 

rial bv itm an^^^v^fm^ticfc l S»T*£ n ***** bv m * selected region of the: metal 

fa£2ri*M 45 "* * i metal e^es at 

non^rturbed regions. The present mvention r^esto a ^S!*! 7^ ^ * 

the use of ion beams utilized to transform crystalline < lt k en ^ er ? f P f ««t Invention to dis- 

matcrials into amorphous ones such that the amorphous * te . bm <J M of uicreasii* the etch rate of dielectric . 

materials are selectively etchable. The present inven- 50 u *f» by implanting a selected region of the dielectric 

tion father relates to the use of energy beams to trans- *"? ™ 100 ^P 1 ***** TC & oa «** dielectric 

form amorpboua materials into crystalline materials elches 81 a ***** ™ « SMta * B f <** the dielec- 

auch that the crystalline materiali are selectively etch- ™ ' 

able. Further, the present invention relates to a tech- ' otilcr objects and many of, the attendant advantages 

nique of using ion beams to ion implant metals, thereby 35 oftiiia invention will be readily appreciated « the same 

making the metals selectively etchable. If the implanted becomes better understood by reference to the follow- 

ions are not capable of forming alloys, glasses or chemi- detailed description when considered in connection 

cal compounds with the material being implanted, the accompanying drawings. 

KSoS^oaX^r , ° th60riai '«> DESCRIPTION OF THE DRAWINGS \ 

In a first embodiment of the present invention, a pic- Ha 1* FIG, 1& FIG.I4 FIG, U and FIG. U are 
determined region of a body of amorphous material is partial, cross-sectional views of a semiconductor ^true- 
subjected to radiation by an energy beam thereby con- tnre at successive stages m its fabrication in accordance 
verting the predetermined region of amorphous' mate- with this invention. 

Hal into a region of crystalline material. It has been 65 FIG. FIG; tb and FIG. 2c are partial, eross-sec- 
discovcrcd that subsequently applying a chemical etch tiona] views of a semiconductor structure at successive 
to the body of amorphous material and to the region stages in its fabrication in accordance with another 
converted into crystalline material, the converted rc- embodiment of the present invention. 
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FIG. 3a. FIG. 3b. FIG. 3c and FIG. 3d are partial, silicon substrate 26. It is to be understood, however 
cross-sectional views of successive stages in the fabric*- that other dielectrics and substrata To? XEK 
^.^•*i?J ! ^L lntefCOnnect ^ » ccord »8 to one thereof could be employed within thescope of the pre,! 
embodiment of the present invention. enl invention dependent only upon the particular appli- 

DESCRIPTION OF THE PREFERRED 5 cation . intcnded - For example, a dual dielectric layer 
EMBODIMENTS consisting of a thin silicon nitride film on top of a 

Referring now . FIGS. 1* through „ Inclusive, the IK^^ 
"ueettivc step, toward, the fabrication of a mesa re- ailiconUyerontopofathi^c^KiSEI^ lS 
gion atop of a substrate according 10 One embodiment of 10 such as sapphire. As is illustrated in FIG 2A a shooed 
the present invention will now be described. The sob- ion beam 28 is directed to impinge on the siJicon dS 
state 10 is illustrated in FIG. In and may be a single film 24 within the region 30. tnaUng re^M und^Ro 
S^i^T^ rf "f" *S " or 11 » to * cfcanf.* i» structures cCge ' "stSotn^thfa 
12aSrS?W I- ( ? WBWf ' f U^?/ CiySt ^ ine 8nb - '^M^c^bytteionbeinZSallowsregionaO 
Iffi w i mBle or TfyoiyrMte*, could be em- IS to be selectively etched with respect to the regions not 
ployed within the scope of the preset invention depen- perturbed by the ion beam 38. Byincreaste Eomfc 
£wS , teuJS ST** number of me io„ and the dosage, i.i "o» £ SqZc 

m FIG lfe a ayet 12 of amorphous silicon ts deposited centimeter, the rate at Which the transformed^^ n30 
C ? St * 1 1 sJI ^ nb6t r 8t0 ^ <kP«>»- "dies can be increased. For maxmZ ^ sdtcS the 
TZLnt!!™*? 0 !' X l can te «complished by 20 beam 28 should penetrate up to the full thickness of the 
the well known techniques of vacuum deposition and film 24 to be transformed. The energy of beam M us«d 
^,!^^i VapO «W ,,l0ns when dep0sited at tem " » therefore dependent on the film thickness and its 
E^SE?..irT i 8 ™^ centigrade, the silicon penetrating characteristics into the fllm. For substan- 
crystallization temperature Further, the amorphous tially thick films, a dual dielectric layer as mentioned 
KS^S! fo««d by transformation of 25 previously could be used. In snch case the top film is 
thetoplaycrof the single crystal sdfcon substrate by the transformed and used as a mask for the thicker lower 
^ o*™ 1 Of "ft*™* ° f «* Om. As illustrated in FIG. 2e, a chemical^" his b£a 

£^T?..?£!" H d ? terauMd ft. m . e ° f *« '0 define window 32 without the use of a mask. 

iT.' 1 ^ 0f ,0 " ■?* ,he sub - 71,6 nmova ot 34 film also results when mask- 
J2£ . • 1C d i uatr<ll « 8 controlled energy 30 lag is not provided for. The dielectric within region 30 
l^rion st^^SlTrt US Bta » » whi * h» undergone a change has been found to etch at 
? "J™* f^" 5 " " nndttgf, a change in a rate greater than that of the portion of dielectric film 

£££ J^f 2? " oea User beam or 24 outside of region 30. For e wimple, implanting 
electron beam capable of supplying sufficient energy to 1 X 10 ■* arsenic ions per square centimeter at an energy 

^" Ve ",i?\r O ^ 0U l^ 12mto .*^ rtalJi,lestn,c - 35 of WkeVinto lOOOangsSoms of silicon dioxide result 
Jure within the region Id. The technique of So convert- in the transformed silicon dioxide within region 30 eKJ> 
mg the amorphous layer 12 to a crystalline structure in ing at a rate three times that of me uotransfortned aili- 
region ie by application of the controlled energy beam con dioxide when etched with a mixture of 10 parts 
.VLr 7*°" e m « rC ^ y „ m c °P cniJInK U s - ddonized water to one part hydrofluoric acid (47%) at 

application^. No. 0SO.946 referred to above and 40 21 degrees centigrade. The etch rate, of Uantformrf 
incorporated by reference herein. In FIG. H the trnnsi- structures can befurther mcre^ byincluS cS 
tton rcgujn Wuntothe controlled energy beam 14 has cal effects. By using phosphorous ion beams and chemt 
been converted mto a angle crystal silicon mesa 18 cal etches such as 15 pans hydrofiuoriTacidVlO parts 
having a crystal structure of the same orientation as that nitric acid and 300 partsddoniud water, the selectivity 
faS&T? ' ^.-^i! 10 - ^ M inPIG - U ' 45 ^tween a phosphorous iosto SlSm^S 
a siliconchemical etch has been used to define the mesa dioxide structure and non-transformed silicon dioxide 
region 20 without the use of a mask. As is depicted in regions is greatly enhanced. 

FIG. le by dotted lines, the portion of the amorphous With reference now to FIGS, ia through 3d. inolu- 
S2Sv«S^~?!L 0 3^£ r T^ 16 ^ bMn ^ sivc - ^ «»eesrive step, toward the fabrication of a 
!? ^ ^ chemical etch. The removal of 50 metal interconnect layer according to one embodiment 
material from rrg, on 22 also results when masking ii not of the present invention will now be described Dms- 
r^Sj.'^ Vt^d that. trated m FIG- 3o is window St ZuSfSSSSii 

due to the dUTerenoal euth rates brought about by erys- layer 38 formed on top of single crystal silicon substrate 
toUixaOon of 1fl« amorphous , ritam 12 in the region ltf, 40- The window 36 may be 'fon^dby ^ t^K 
rf^TJf f ? ,TOa * i0,, of "»«» «8ton 20 on top SS previously described above with respect to FIG. 2 or a 
■ S ™ wfT fiT f U ^ trBtC ^thout the nse conventional photofithographio £ ^roc«« TmaJ 
l^^L ix\"°r *? ^ ,° SC rf con, «>ned be utQized. A metal film shown in Fia 3bZ ton? « 
energy beam 14 to form the single crystal mesa region which may, for example, be aluminum is deposited bv 
™ ^ •vlb^uentctch of the amorphous material well known techniquVon top of ^ rilffltoxide 
Z^lf^lTJ? ^ ? " Kpo9i S ve ^ « hiyer 38 and witjTwindow %Z&a£*%£S% 

age .to. the material upon which the controlled en- the silicon substrate 40. It is to be understood, however! 

&^ WM< ^^ m J?££^ r r^ that metals other than aluminum, dieleotrtaothe^ Z; 

With reference now to FIGS. 2c through 2c. the silicon dioxide and substrates mher thaTSigle crvsml 
successive steps toward, toe labricution of an opening sflicon could be employed within toe scopTof toeS 
orwimtowmadielectriefimionasubstratewillnowbe 6s ent invention. As Kated inlFIG 3c a snaoed ion 
deacrtoed. ThedielectrmisiUnatrated in FIG. In asfilm beam 44 is dircctedTuS u^fl^UmSSnffito 
form^ K b^Z y ±^ e T• P,C • te SU,COn * nd " « within region 4d. making rlgion in undergo a c^ang" 

formed by known techniques on lop of single crystal in structure. This change h, structure prcdJced by the 
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ion beam 44 reduces the etch rate of the transformed 
structure within region 46 when compared to the alumi- 
num regions not perturbed, i.e, the portion of the alumi- 
nnm film 42 outside of region 4cC By increasing the 
number of ion* per square centimeter UScd, one can 
decrease further the rate at which the transformed re- 
gion 46 etches. For maximum selectivity, the beam 44 
should penetrate up to the full thickness of the film 42 to 
be transformed. The beam energy used is therefore 
dependent on the film thickness and its penetrating 
characteristics into the film. For substantially thick 
01ms, a dual metallic layer could be used. In this case 
the top film would be transformed and used as a mask 
for the thicker lower film and then could be oubse- 



10 



ion beam 44 should be avoided by proper cooling tech- 
niques. 

It may thus be readily appreciated that channel re- 
gion, mesa regions and interconnects may all be formed 
according to the maskless process of the present inven- 
tion, The present invention may be utilized to form P-M 
Junctions, NMOS source and drain regions, emitter 
junctions, emitter base and collector electrodes, as well 
as practically any other semiconductor structure requir- 
ing the formation of mesas, windows, channels and/or 
interconnect regions. 

Obviously, many other modifications and variations 
of the present invention are possible in the light of the 



wr wc uncxer lower nun anc tuen could be Dubse- wrcauun m posaoie m me ugnt or toe 

quently removed. In FIG. 34 a chemical etch has been is teachings. It is therefore to be understood that 

used go deflna the tran*frti-m*vi m»*«i u^r.A..^* within the scone of the annAn/fori j»if»*ne rift* 



used to define the transformed metal interconnect re- 
gion 46. The removal of region 46 of the film 42 also 
results when masking is not provided for. The metal 
which has undergone a change Of structure within re- 
gion 46 has been found to etch at a rate less than that of 20 
the un transformed region of film 42, Le., the portion of 
film 42 outside of region 46. For example, implanting 
1 X 10 15 silicon atoms per square centimeter at an energy 
of 200 keV into 3200 angstroms of amminum results in 
the transformed aluminum etching at 1/10 the rate of 25 
that of the portion of film 42 that has not been trans- 
formed when etched with a mixture of 350 parts of 
phosphoric acid, 25 parts of deionized water, IS parts of 
nitric acid and 75 parts of acetic acid at 33 degrees 
centigrade. For maximum selectivity, heating due to the 30 



within the scope of the appended claims the invention 
may be practiced otherwise than as specifically de- 
scribed. 
What is claimed is: 

1. A method of selectively etching a metal compris- 
ing the steps of: 

(a) subjecting a predetermined region of a layer of 
metal to impingement by a silicon ion beam so as to 
ion implant said predetermined region; 

0>) applying a chemical etch to said layer of meta! and 
to said ion implanted region whereby said ion im- 
planted region etches at a slower rate than the 
portion of said metal outside said predetermined 
region. 
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